(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
7 June 2001 (07.06.2001) 




PCT 



(10) International Publication Number 

wo 01/41223 Al 



(51) International Patent Classification'^: 
(21) International Application Number: 



HOI L 33/00 



PCT/USOO/32167 



(22) International Filing Date: 

22 November 2000 (22. 1 1.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
60/168,338 
09/721,352 



1 December 1 999 (0 1 . 1 2. 1 999) US 
21 November 2000 (21.1 1.2000) US 



(71) Applicant: CREE LIGHTING COMPANY [US/US]; 
4600 Silicon Drive, Durham, NC 27703 (US). 

(72) Inventors: TARSA, Eric, J.; 105 Dearborn Place #41. 
Goleta. CA 93 U7 (US). THIBEAULT, Brian; 1914 
Cleveland Avenue, Sania Barbara, CA 93103 (US). IB- 
BETSON, James; 5230 Calle Cristobal. Goleta. CA 
93117 (US). MACK, Michael; 6864 Buttonwood Lane. 
Goleta. CA 93117 (US). 



(74) Agents: HEYBL, Jaye, G. el al.; Koppel & Jacobs. Suite 
107, 555 St. Charles Drive, Thousand Oaks, CA 91360 
(US). 

(81) Designated States (national): AE. AG. AL. AM. AT, AU, 
AZ, BA, BB, BG, BR. BY. BZ. CA, CH, CN, CR. CU. CZ, 
DE. DK. DM. DZ. EE, ES, FI. GB. GD. GE, GH. GM. HR, 
HU. ID. XL. IN, IS. JP. KE. KG, KP. KR, KZ. LC. LK. LR. 
LS, LT. LU, LV. MA, MD. MG. MK. MN, MW. MX. MZ. 
NO, NZ. PL. FT, RO. RU. SD, SE, SG. SI. SK. SL.TJ, TM, 
TR. TT, TZ. UA. UG, UZ. VN. YU. ZA, ZW. 

(84) Designated States (regional)-, ARIPO patent (GH, GM, 
KE, LS, MW. MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ. BY. KG, ICZ, MD, RU, TJ, TM). European 
patent (AT. BE. CH, CY. DE. DK, ES. FI. FR. GB. GR. IE. 
IT, LU. MC. NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG. CI. CM. GA. GN. GW, ML. MR. NE. SN. TD. TG). 

Published: 

— With international search report, 

[Continued on next page] 



aa (54) Title: SCALABLE LED WITH IMPROVED CURRENT SPREADING STRUCTURES 



o 




(57) Abstract: An LED vi^ith improved current spreading structures that provide enhanced current injection into the LED's acUve 
layer (14), improving its power and luminous flux. The cunent spreading structures can be used in LEDs larger than convenuonal 
LEDs while maintaining the enhanced current injecUon, The invention is particularly applicable to LEDs having msulating substrates 
(12) but can also reduce the series resistance of LEDs having conductive substrates. The improved structures compnse conductive 
fingers (20a. 20b, 22) that form cooperating conductive paths that ensure that cunrent spreads from the contacts (19, 21). into the 
fingers (20a. 20b. 22) and uniformly spreads through the oppositely doped layers (15. 16). The current then spreads to the active 
layer (14) to uniformly inject electrons and holes throughout the active layer (14), which recombine to emit light. 



wo 01/41223 Al lliliilllillllllllllllllllllllllillllllll^ 



Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 01/41223 PCT/USOO/32167 

SCALABLE LED WITH IMPROVED CURRENT 
SPREADING STRUCTURES 

This application claims the benefit of provisional 
5 application number 60/168,338 to Tarsa et al., which was 
filed on December 1, 1999. 

BACKGROUND OF THE INVENTION 

10 Field of the Invention 

The present invention relates to light emitting 
diodes (LEDs) and more particularly to LEDs having 
improved current spreading structures. 

15 Description of the Related Art 

LEDs are an important class of solid state devices 
that convert electric current to light. They generally 
comprise an active layer of semiconductor material 
sandwiched between two oppositely doped layers, one being 

20 p-type and the other being . n-type . A drive current is 
applied across electrical contacts on the doped layers 
causing electrons and holes to be injected from the doped 
layers into the active layer. The electrons .and holes 
then recombine to generate light that emits 

25 omnidirectionlly from the active layer and escapes from 
all surfaces of the LED. 

One disadvantage of most conventional LEDs is that 
they are less efficient at converting current to light 
than are filament lights. As a result, their use has most 

30 often been limited to applications such as indicating 
lamps in electronic devices, where the LED' s die size is 
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less Than 0.25 mm- and where optical power is less than 10 
milliwatts (mW) . 

However, recent advances in nitride based 
semiconductor materials has led to the development of 
brighu, highly efficient LEDs emitting in the blue-green 
spectral region which can be used to generate various 
colors of light, including white light. [See Nichia Corp. 
white LED, Part No. NSPW300BS, NSPW312BS, etc.; See also 
U.S. Patent No. 5959316 to Hayden, ''Multiple 
Encapsulation of Phosphor-LED Devices"] . These 
advancements have led to solid state emitters for use in 
lighting and signaling applications that require high 
output power and high luminous flux. One such application 
is traffic signals. Current LED traffic signals consist 
of an array of single LED devices combined to obtain high 
output power. However, a single high-power LED device 
that can replace the LED array would be less complex, 
cost less and would be more reliable. 

One way to increase the power and luminous flux of 
an LED is to increase its size and emitting surface area. 
However, the size of conventional nitride based LEDs is 
limited by the inability of current to effectively spread 
from the electrical contacts to the active layer. P-type 
nitride based semiconductor materials have relatively 
poor conductivity, and current applied to the p-type 
contact will only spread to a limited area within the p- 
type layer. The current will not migrate to the entire 
active layer, and the LED can experience local heating 
and premature degradation around the contact. 

N-type nitride based semiconductor materials are 
better conductors but still present some resistance to 
the spread of current. As the device size increases, the 
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material's ability to uniformly spread current from the 
n-type contact is reduced. As a result, the size of 
nitride base LEDs is limited by the both the p- and n- 
type layers' current spreading characteristics. 

Various LEDs have been developed with structures to 
increase current spreading [See G.B. Stringfellow and 
M.G. Crawford (1997), High Brightness Light Emitting 
Diodes , Semiconductors and Semimetals, Vol. 48, Pages 
170-178] . The devices generally include an n-type 
epitaxial layer grown on a conductive substrate, with a 
LED active region and p-type layer grown on the n-type 
layer. A conductive contact is deposited on the center of 
the p-type layer's surface and a conductive contact pad 
is deposited on the conductive substrate opposite the 
epitaxial layer. Current from the p-type contact spreads 
from the center towards the edges of the p-type layer, 
and then to the active layer. The substrate is very thick 
compared to the epitaxial layers and as a result, the 
overall current spreading into the active region is 
limited by the spreading provided by the p-type contact; 
This basic structure is effective for small LEDs 
(approximately 0.25mm^), but is not scalable to larger 
LEDs. In order to facilitate LED size scaling, 
modifications to the LED must be made. 

One such modification increases the thickness of the 
p-type layer to decrease its spreading resistance so that 
current spreads to the edge of the LED. This approach is 
effective in increasing the LED area, but the LED scaling 
is practically limited because the p-type layer thickness 
cannot be increased indefinitely. Also,, for the GaN-based 
LED system, the p-type material has very low 
conductivity, making this approach impractical. 
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In another approach, contacts have been deposited in 
the center of the p-type layer's surface with thin radial 
conductive fingers running from the contact toward the 
edge of the surface. Current applied to the contact 
spreads to the conductive fingers and to the p-type 
surface below. While an improvement, the LED still cannot 
be freely scaled to large sizes. As the size increases, 
the distance between the ends of the radial fingers 
increases and a point is reached at which this distance 
prevents current from spreading throughout the p-type 
layer. This structure also cannot be used on LEDs 
fabricated on an insulating substrate. 

U.S. Patent No. 5, 652,434 to Nakamura et al. 
discloses a structure that improves current spreading in 
nitride based LEDs grown on insulating substrates. It 
comprises an LED structure on the insulating substrate, 
with the n-type layer adjacent to the substrate and the 
p-type layer on the epitaxial layer surface. Because the 
substrate is insulating, a contact pad cannot be used to 
spread current through the substrate and to the n-type 
layer. Instead, a corner of the LED structure is etched 
through the p-type layer, the active layer, and partially 
into the n-type layer. A contact is deposited on the 
etched area so that current applied to the contact 
spreads through the relatively conductive n-type 
material. To spread current across the p-type layer, a 
semi-transparent current spreading layer is deposited on 
the p-type layer. A p-type contact is deposited on the 
spreading layer in the corner of the LED opposite the n- 
type contact. The current applied to the p-type contact 
will spread through the spreading layer and to the p-type 
layer below it. 
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This structure provides an improvement in spreading 
current: in standard size devices, but cannot efficiently 
spread current in larger sized LEDs . Because the p-type 
layer is an LED surface, the spreading layer should be as 
thin as possible so that it will not absorb emitted 
light. However, the thinner the spreading layer the 
greater its sheet resistance. As the LED size increases 
the sheet resistance prevents the current from fully 
spreading across the p-type layer. The spreading layer's 
sheet resistance can be reduced by using semi-transparent 
metallic materials, and/or increasing its thickness. 
However, these changes would reduce transparency and 
increase light absorption, reducing the LED' s light 
output. 

Also, the increased spreading resistance in the n- 
type layer can cause excessive heating, 'and prevent full 
current spreading and uniform light output. To reduce the 
spreading resistance, the thickness of the n-type layer 
can be increased as the device size increases. However, 
this significantly increases the necessary materials and 
process times, both of which can result in prohibitive 
cost increases. 

SUMMARY or THE INVENTION 

The present invention provides an improved LED with 
new current spreading structures. The improved LED can be 
standard sized or scaled to larger sizes, allowing for 
increased power output and luminous flux. Its new current 
spreading structures provide improved current spreading 
in the p- and n-type layers for both small and large 
LEDs. The result is an improvement in the injection of 
holes and electrons into the LED' s active layer, thereby 
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improving its light emitting efficiency and reducing its 
series resistance and heating. 

The new LED generally includes, an LED core having an 
epitaxially grown p- and n-type layers, and an 
epitaxially grown active layer between p- and n~type 
layers. A first current spreader layer is included 
adjacent to the LED core. At least one groove_ is formed 
through the LED core to the spreader layer, with a first 
contact having at least one first conductive finger on 
said first spreader layer within the grooves. Current 
flows from the first contact, into its conductive finger, 
into the first spreader layer and into the LED core. A 
second contact having at least one second conductive 
finger is included on the LED core opposite the first 
conductive layer, such that current flows from the second 
contact, into its second fingers and into the LED core. 

The new LED can also include a second spreader layer 
on the LED core opposite the first spreader layer. It is 
disposed between the second contact and fingers, and the 
LED core. The spreader layer is more conductive than the 
LED core layer adjacent to it thereby allowing current to 
more freely flow from the contact and fingers, into the 
second spreader layer and throughout the LED core. 

In one embodiment of the new LED, the first spreader 
layer is an n-type epitaxial layer and is grown on a 
substrate such that it is sandwiched between the 
substrate and LED core. A transparent or semitransparent 
second spreader layer is deposited on the surface of the 
LED core opposite the first spreader layer, with the 
second contact and its fingers formed on the second 
spreader layer. 
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The LED' s contacts and their respective conductive 
fingers are disposed to provide improved current 
spreading and injection of holes and electrons into the 
LED's active layer. A bias is applied across the 
contacus, spreading current from each contact through 
their respect ive • conductive fingers. The distance between 
the adjacent first and second fingers is kept nearly 
uniform and is small enough that current will effectively 
spread across the LED core. This provides uniform current 
injection into the LED core's active layer. Using the new 
current spreading si:ructures, the new LED can be 
scaieabie to sizes much larger than conventional LEDs 
while maintaining the same current spreading relationship 
between adjacent fingers. 

The contact and fingers on the LED core do not cover 
the core's entire surface, leaving a 'majority of the 
surface for the emission of light. As a result, thick, 
low resistance metal can be used in the fingers to 
provide an efficient current spreading path. These 
fingers also reduce the distance that current must spread 
in the second spreader layer. Accordingly, the thickness 
of the current spreading layer can be reduced, which 
reduces its absorption of emitting light. Also, by 
providing one or more fingers on the second spreader 
layer to spread current to the LED core, the thickness of 
the layer does not need to be increased as the size of 
the LED increases. The long process times and increased 
cost associated with thick epitaxial layers are thereby 
avoided. 

The advantages of the new LED structure are realized 
for LEDs on conductive and insulating substrates since 
the new structures provide nearly uniform current 
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injecrion, regardless of substrate type. The epitaxial 
layer configuration can also be reversed in this 
structure, with the p-type layer being the layer next to 
the first spreader and the n-type layer being on the 
epitaxial surface. The current spreading configuration 
remains the same. The invention provides for a fully 
scalable device through the increase in the number of 
fingers as the device size is increased. 

These and other further features and advantages of 
the invention will be apparent to those skilled in the 
art from the following detailed description, taken 
together with the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a new standard sized 
LED with a new current spreading structure; 

FIG. 2 is a plan view of the LED in FIG. 1; 

FIG. 3 is a sectional view taken along the section 
line 3-3 of FIG, 2; 

FIG. 4 is a plan view of a new standard sized LED 
with a new current spreading structure including a center 
finger on the second spreading layer and fingers on the 
first spreading layer around the LED' s perimeter; 

FIG. 5 is a sectional view of LED shown in FIG. 4; 

FIG. 6 is a plan view of a new scaled, rectangular 
shaped LED using the new current spreading structure 
shown in FIG. 1; 

FIG. 7 is a plan view of a new LED using a new 
interdigitated multi fingered LED current spreading 
structure; 

FIG. 8 is a plan view of a new LED having a new 
multi fingered zig-zag current spreading structure; 
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FIG, ■? is a plan view of a new LED having branches 
and fingers forming conductive paths from a central 
contact on the second spreading layer and cooperating 
fingers on the first spreading layer; 

FIG. 10 is a sectional view of the LED in FIG. 9; 

FIG. 11 is a plan view of a new LED having fingers 
radiating from a central contact on the second spreader; 
and 

FIG. 12 is a sectional view of a new LED with new 
current spreading structures in a flip-chip geometry. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGs. 1-12 show various embodiments of a new LEDs 
constructed in accordance with the present invention, 
each having improved- current spreading structures. The 
new structures can be used in LEDs ' formed from any 
semiconductor material system, but are particularly 
applicable to Group-Ill nitride based LEDs fabricated on 
substrates such as silicon carbide (SiC) or sapphire. SiC 
has a much closer crystal lattice match to Group III 
nitrides such as GaN and results in Group III nitride 
films of high quality. Silicon carbide also has a very 
high thermal conductivity so that the total output power 
of Group III nitride devices on silicon carbide is not 
limited by the thermal dissipation of the substrate (as 
is the case with some devices formed on sapphire) . SiC 
substrates are available from Cree Research, Inc., of 
Durham, North Carolina and methods for producing them are 
set forth in the scientific literature as well as in a 
U.S. Patents, Nos . Re. 34,861; 4,946,547; and 5,200,022. 

FIGs. 1, 2 and 3 show a new square LED 10 having a 
conductive layer 11/ denoted first spreader layer. 
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sandwiched between a subs -.rate 12 and an LED core 13. The 
core 13 comprises an epitaxially grown active layer 14 
sandwiched between epitaxially grown conductive layers 15 
and 16. Conductive layer 15 is the same type, n or p, as 
first: spreader 11, while conductive layer 16 is of the 
other type, n or p. In the preferred embodiment, layer 
15 is n-type, layer 16 i_s p-type, snd the first spreader 
layer is n~type. 

The first spreader 11 has a thickness and doping 
level that facilitates current spreading to the active 
layer 14. Preferred doping levels are lel5 cm-3 to le21 
cm-3 and preferred thickness are 0.2 jam to 100 |im. Layers 
11,14,15,16 can be fabricated on the substrate 12 by 
conventional methods such as growth in a MOCVD reactor or 
by a combination of growth techniques such as VPE and 
MOCVD. 

A current spreading layer 18, denoted second 
spreader layer, is deposited on conductive layer 16 to 
facilitate current spreading across conductive layer 16 
and into the active layer 14. This layer 18 may be a 
MOCVD grown semiconductor of the . same doping type as 
conductive layer 16, with a similar thickness range and 
doping range as first spreader 11, The second spreader 18 
may also be formed of a transparent or semitransparent 
conducting material. Preferred materials are thin metals 
or thin metal combinations of Inm to 50nm in total 
thickness or transparent conductors such as ITO which can 
be thicker. 

A second contact 19 having two second conductive 
fingers 20a and 20b, is deposited on the second spreader 
18. The second contact and fingers extend adjacent to 
three of the conductive layer's edges, forming a U-shaped 
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parh that stops short of the edge opposite the contact 
19. The outer boundary of fingers 20a and 20b can extend 
up to the edges of the conductive layer 16 or can be back 
somewhat from the edges such that a small area of the 
5 second spreader 18 shows between the fingers 20a and 20b. 

To enhance current spreading evenly across the 
device, a first contact 21 and first conductive finger 22 
are deposited on the surface of the first spreader 11. To 
provide an area on this surface, a section of LED core is 

10 etched down to the first spreader 11, resulting in a 
groove/channel 23 through the LED core. The first contact 
21 and finger 22 are deposited on the first spreader 
within the groove. 

The LED core 13 can be etched using conventional 

15 methods such as chemical or ion mill etching. The 
conductive layer 18, the contacts 19 and 21, and their 
fingers, can be deposited by many conventional methods 
such as evaporation, sputtered, or electro plating. 

In operation, a bias is applied to contacrs 19 and 

20 21. Current from contact 21 spreads down its finger 22 
and to the conductive first spreader 11. The current 
spreads throughout the first spreader 11 and carriers are 
nearly uniformly injected into the LED active region 14 
through layer 15. Current spreads from the contact 19 

25 into fingers 20a and 20b, and then throughout the second 
spreader layer 18. The carriers are nearly uniformly 
injected into the LED active region 14 through layer 16. 
The electrons and holes recombine in the active layer 14 
to provide near uniform and highly efficient light 

30 emission. 

The new LED 10 and its current spreading structure 
can take many different shapes and sizes. FIGs . 1-3 show 
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a square LED that can be standard sized (approximately 
0.25min"), smaller or larger. As the size of the LED 10 
increases, the distance between the conductive fingers 
also increases. Its size is limited by the ability of 
current to spread from the fingers and provide uniform 
injection into the active layer* 

The preferred current spreading fingers have a 
piecewise rectangular shape. The second fingers range 
from 0.1 micron to 30 microns in width with the preferred 
width being 2-10 microns. Wider fingers can effectively 
spread the current but will block or absorb more of the 
light emitting from the p-type layer 16. The first 
fingers can range from 0.1-30 microns in width. Wider 
fingers require more of the LED structure to be etched 
down to the epitaxial layer, reducing the amount of the 
active layer that can emit light. The distance between 
the first and second fingers can be from 5-500 microns. 
The smaller the distance the better the current spreading 
within the current spreading layer but the more area that 
will be covered by the light absorbing fingers. The 
thickness of the fingers can range from 0.05 to 3 
microns. The thicker the finger the lower its series 
resistance but the longer and costlier its manufacturing. 

The new structure provides many advantages over the 
prior art. The contacts 19 and 21, and their respective 
conductive fingers, 20a, 20b and 22, are made of a 
conductive material which has a low series resistance. 
Current flowing from the contacts to the fingers 
experiences little spreading resistance and provides an 
efficient path to distribute current. • Also, the current 
spreads a much smaller distance from the current 
spreading contact 19 and its fingers 20a and 20b to fully 
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spread within the second spreader layer 18. As a result, 
the current spreading layer's thickness can be reduced 
which can reduce light absorption and increases light 
output if a semi-transparent material is used for the 
second spreader 18. Full current spreading to the p-type 
layer 16 and uniform injection into the active layer 14 
is maintained. The distance, between the epitaxial and 
current spreading fingers should remain nearly uniform to 
ensure uniform current spreading in the respective doped 
layers and to the active layer 14. 

As mentioned above, the second fingers 20a and 20b 
will absorb some of the LED' s emitting light. Also, the 
etching of the LED core to provide a groove 23 reduces 
the size of LED core that can contribute to light 
emission. However, the uniform injection of current into 
the active layer 14 overcomes these disadvantages and 
results in an LED with overall increased efficiency. In 
fact, the groove 23 may enhance overall light output. 
This is because light is emitted omnidirectionally from 
the LED' 5 active layer 15. For LEDs with a planar 
surface, a percentage of the light will be reflected back 
from LED' s surface and experience total internal 
reflection. Eventually the light will be absorbed or 
escape out the side surfaces of the LED. By etching the 
LED structure to provide one or more grooves, light 
reflecting within the LED can reach the grooves, 
increasing the chances that it will escape. This enhances 
the probability that the light will emerge and contribute 
to illumination without being absorbed. 

FIGs. 4 and 5, show another embodiment of the new 
LED 40 that is similar to the LED in FIGs. 1-3. It has 
the same substrate 12 and first spreader layer 11. It 
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also has a similar LED core 41 and second spreader layer 
42 deposited on the LED core's conductive layer 43. 

However, in this embodiment the first contact and 
fingers spread current from the edge of the first 
spreader layer 11 and the second contact and finger 
spreads current from the center of the second spreader 
layer 42. The LED core 41 is etched to the first spreader 
layer 11, around the LED' s perimeter on three of its 
sides. The first contact 44 is deposited on the first 
spreader layer 11 at the midpoint of the middle side. The 
first fingers 45a and 45b are deposited on the first 
spreader layer 11 and run in opposite direction from the 
first contact 44 around the etched sides. Current spreads 
to the first spreader layer's perimeter from the first 
contact 44, through its fingers 45a and 45b. A. second 
contact 4 6 is deposited on the second spreading layer 42 
on its edge opposite the first contact 44. It has one 
conductive finger 47 that is also deposited on the second 
spreader layer and runs from the contact 46, down most of 
the LED' s center line, in the direction of the epitaxial 
layer contact 44. 

The LED 4 0 has the same current spreading advantages 
as LED 10. The current is spread from the contacts 4 4 
and 46 through their respective conductive fingers that 
have low series resistance. The current from the first 
contact 44 and its fingers 45a and 45b spreads throughout 
the first spreader layer 11 and to the LED core 41. The 
current from the current second contact 4 6 and its finger 
47, spreads into the second spreader layer 42 and into 
the LED core 41. Just as in LED 10, the distance that the 
current must spread from the finger 47 through the second 
spreader layer . 42, to cover the entire LED . core 41, is 
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reduced. As a result, the thickness of the second 
spreader layer 42 can be reduced, which reduces light 
absorption. Distance between the second finger 4 7 and the 
first fingers 45a and 45b, where they overlap, is nearly 
uniform, resulting in more uniform current injection into 
the LED core's active layer 50, 

An important advantages of the new current spreading 
structure is that ic can be used on larger LEDs while 
maintaining the improved current spreading. FIG. 6 shows 
a new LED 60 having a current spreading structure similar 
to LED 10 in FIGs. 1, 2 and 3. LED 60 has a substrate, a 
first spreader layer, a LED core (all of which are not 
visible in FIG. 6), and a second spreader layer 61, all 
of which are similar to those in LED 10. Part of the LED 
core is etched to the- first spreader layer for depositing 
an n contact 62 and finger 63. A second contact 64 and 
its conductive fingers 65a and 65b are also deposited on 
the second spreader layer 61 with the fingers running 
around the LED' s perimeter. 

LED 60 is larger than LED 10 having a rectangular 
shape with the lengrh of two of its sides 66 and 67 
increased. The improved current spreading is maintained 
by increasing the length of the first finger 63 and 
second fingers 65a and 65b the same amount that the sides 
66 and 67 are increased. The distance between the first 
finger 63 and second fingers 65a and 65b, where they 
overlap, remains uniform. The distance that the current 
must spread from the second fingers 65a and 65b through 
the current spreading layer 61 to cover the entire LED 
core, also remains constant. Similarly, the distance that 
the current must spread from the first finger 63 through 
the first spreader layer also remains constant. If length 
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of sides 66 and 67 are increased further, the length of 
the fingers must also be increased to maintain the 
current relationship between the fingers. 

A similar rectangular LED can be created based on 
the design shown in FIGs. 4 and 5. In these devices, the 
length of the fingers in the current spreading structure 
must be increased in the same way in order to provide 
uniform curreTit spreading in rectangular LEDs. 

An additional advantage of the LED 60 is that it is 
more efficient at dissipating heat than square LEDs with 
the same surface area. The heat generated within LED 60 
travels a shorter distance to reach one of its edges 
where it can dissipate. 

Another important advantage of the invention over 
the prior art relates to the first spreader layer 
thickness. This layer is usually n-type epitaxial and in 
prior LEDs, where current is spread from a contact 
through first spreader layer, an increase in LED size 
required an increase in the first spreader layer 
thickness to reduce its series resistance. By having the 
current spread from an first contact through one or more 
conductive first fingers, the increased series resistance 
is avoided. The first spreader layer thickness can remain 
the same, avoiding potential process time and cost 
increases . 

Another way of scaling the LED while maintaining the 
current spreading relationship between the conductive 
fingers is to increase the number of fingers as the area 
of the LED is increased. Fig. 7 shows an LED 70 having a 
larger surface area than LEDs 10 and 40 in FIGs. 1-5. It 
has a similar substrate, first spreader layer, LED core, 
(all of which are not visible in FIG. 7) and second 
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spreader layer 71. As the surface area increases, the 
number of first and second fingers increases, maintaining 
a uniform distance between adjacent fingers. 

The first and second contacts 72 and 73 can have 
many different shapes and sizes. The preferred second 
contact 73 is circular and is deposited on the second 
spreader layer 71, near one of the LED' s edges. Two parts 
of a conductive branch 74 run in opposite directions on 
the second spreader layer 71, from the contact 73 and 
parallel to the adjacent LED edge. Numerous conductive 
fingers 75 extend at right angles from the branch 74, on 
the second spreader layer 71. The LED core is etched to 
provide an area on the first spreader layer for the first 
contact 72 and to provide grooves for the first fingers 
76. The preferred first contact 72 is square and is 
deposixied on the first spreader on the center of the 
LED's edge, opposite the p-contact 73. A branch 72b 
extends from the first contact 72 along the LED's edge. 
Its fingers 76 extend at right angles from the branch 
72b, toward the branch 74. The distance between second 
and first fingers 75,76 remains nearly uniform and small 
enough "o provide near uniform injection into the LED's 
active layer. Thus, even though the LED 70 is larger than 
standard sized LED's, it experiences the same current 
spreading advantages of the above embodiments. 

FIG, 8 shows another embodiment of the new LED 80 
wherein the first and second fingers form zig-zag 
conductive paths. The LED 80 has the same layered 
structure as the above embodiments from the substrate 
through the second spreader layer. A circular second 
contact 81 is deposited in a corner of the LED, on the 
second spreader layer 82. A conductive branch 83 is also 
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deposited on the second spreader layer and runs from the 
contact 81 along two sides of the LED' s surface. Zig-zag 
shaped conductive second fingers 84 run from the branch 
83 diagonally across the LED 80, on the second spreader 
layer 82. The fingers 84 initially project from the 
branch 83 at a right angle, and then bend at alternating 
right angles as they project across the LED 80. The 
shdrtisr' the frngeT, the fewer the number of right angle 
turns . 

The LED 80 is also etched to its first spreader 
layer to provide grooves for a first contact 85, its 
branch 86, and its zig-zag shaped fingers 87. The first 
contact 85 is deposited on the first spreader layer at 
the LED' s corner opposite the second contact 81. A 
conductive branch 8 6- is also deposited on the first 
spreader layer that runs from the first 'contact 85 around 
the perimeter of the LED 80 along the two edges not 
covered by the current spreading layer branch 83. First 
zig-zag fingers 87 having the same shape as the current 
spreading layer fingers 84 are also deposited on the 
first spreader layer between the fingers 84 such that the 
distance between the first and second fingers where they 
overlap, is nearly uniform. An alternative embodiment to 
this concept can use curved fingers to produce a zig-zag 
pattern with rounded corners instead of right angles. 

This structure has all of the current spreading 
advantages of the embodiments above including lower 
series resistance, scalability, and the ability to use 
thinner current spreading layers. The zig-zag grooves 
etched in the LED structure for the first fingers 87 also 
serve to further improve the percentage of light that 
emits from LED 80. The edges of grooves vary more than 
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the above embodiments, increasing the likelihood that 
internally reflecting light will escape and contribute to 
the LED' s emission. 

Figs. 9 and 10 show another rectangular embodiment 
of nevj LED 90 having the same layered structure as the 
above embodiments- A second contact 91 is deposited in 
the center of the second spreader layer 92, with two 
parts of a conductive branch 93 running in opposite 
directions on the second spreader layer, from the contact 
91 and down the LED' s longitudinal centerline. Numerous 
conductive fingers 94 project at right angles from both 
sides of the branch 93 toward the LED' s edge. To spread 
current to the LED' s first spreader layer, the LED 
structure is etched around its perimeter down to the 
first spreader layer. • A first contact 95 is deposited on 
the first spreader layer at the LED's' edge. An first 
branch 96 is deposited on the first spreader layer around 
the LED's entire perimeter providing a continuous 
conductive loop from the contact 95. Grooves are also 
etched in the LED structure between the second fingers 
94, at right angles from the perimeter toward the branch 
93. First fingers 97 are deposited on the firsr spreader 
layer within the grooves, providing a conductive path 
from the first branch 96. The distance between adjacent 
first and second fingers, where they overlap, remains 
nearly uniform and this embodiment has the same current 
spreading advantages as the above embodiments. 

Fig. 11 shows another embodiment of the new LED 110 
having the same layer structure as the above embodiments. 
A second contact 111 is deposited in the center of the 
LED's second spreader layer 112. Conductive fingers 113 
radiate form the contact 111 on the second spreader layer 
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112, toward the LED' s edges with a uniform distance 
between the starting points of the fingers 113. As they 
radiate out from the contact 111, the distance between 
adjacent fingers increases. When the distance becomes 
coo great to effectively spread current in the second 
spreader layer 112, the finger 113 splits into two 
fingers 114 . 

The LED is etched to its first spreader layer on its 
perimeter to provide for an first contact 115 and its 
perimeter branch 116. It is also etched to provide for 
first fingers 117 that form a conductive path in the 
direction of the second contact 111 and between the 
second fingers 113. If the. split sections of fingers 114 
are long enough, a first finger is included between them. 

The distance between adjacent first and second 
fingers varies more than in the previous embodiments. 
However, the distance remains uniform enough that the LED 
110 has the same current spreading advantages as the 
previous embodiments. This embodiment is also scaleable 
to larger sizes. As the surface area is increased the 
second fingers can continue to split with another first 
finger included between the splits. 

The embodiments above can also be grown on a 
transparent substrate and flip-chip mounted. FIG. 12 
shows LED 120 grown on a transparent substrate 123 and 
has a structure similar to LED 40 in FIG. 4. It comprises 
and LED core 130 on a first spreader layer 126, and a 
second spreader layer 124 on the LED core opposite the 
first spreader layer. The LED is mounted to the submount 
122 through the use of bond media 121 that connects 
either the second spreader 124 (as shown in FIG. 12) or 
the contact pad on the second spreader, to a first 
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section of a conductive layer 127 that is also between 
Che submount and bonding media 121. Bias applied to the 
conductive layer 127 sends current to the second spreader 
124 and into the LED"s active region. A second section of 
the conductive layer (or a contact) 128 is also on the 
submount and a second bond media 125 connects a first 
contacr 129 on the first spreader 126 to conductive layer 
128. Bias applied to conductive layer 128 sends current 
to first contact 129 which then transfers the current to 
the first spreader 126 through the first fingers 131. The 
first fingers are disposed on the first spreader layer, 
around its perimeter. Conductive layers 127 and 128 are 
electrically isolated through the submount 122 and serve 
as connection points for the LED package. 

One of the advantages of this structure is that the 
LED has better heat sinking since the LED's generated 
heat is close to the bonding interface 121 and heat can 
be effectively transferred to the submount 122. The 
submount can have a high thermal conductivity and is of a 
larger surface area that the LED chip substrate 123. 
Also, if a semi-transparent layer is used for the second 
spreader layer 124, the flip-chip geometry allows for a 
reflector to be integrated with the semi-transparent 
layer to reduce the overall optical loss of the second 
spreader 124 and reflect light towards the substrate 123. 

Also, because a reflector is placed over the second 
spreader, the second contact and fingers will not absorb 
any of the emitting light. Their thickness can be 
increased to reduce their series resistance, without the 
danger that they will absorb emitting light. Also, if the 
reflective surface is electrically conductive, the bond 
media 121 can be attached to the entire reflector 
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surface, increasing the thermal conductance of the entire 
structure. 

The above embodiments can be grown on conductive as 
well as insulating substrates, depending on the material 
system used. Normally, for an LED formed on a conductive 
substrate such as silicon carbide, a contact is 
deposited direct ly_ on the. conductive substrate opposite - 
the epitaxial layers. The current applied to the contact 
pad spreads through the substrate and to the n-type 
layer, which provides near uniform injection of electrons 
into the active layer. Alternatively, the LED core can 
be etched in a similar fashion as described above, with 
the etch proceeding to the conductive substrate if 
desired. If the substrate is conductive, it is considered 
part of the first spreader. 

By using the array of contact fingers instead of the 
traditional substrate contact pad, the series resistance 
of the diode can be reduced. First, the contact 
resistance can be lower since optimal material can be . 
used for the second spreader as opposed to the substrate. 
Second, the distance that the current has to travel 
before reaching the active region is much lower and has 
many parallel paths as compared to contacting the 
substrate, reducing the series resistance even further. 
The materials and contact details will determine which 
approach provides the lowest resistance. 

Although the present invention has been described in 
considerable detail with reference to certain preferred 
configurations thereof, other versions are possible. The 
conductive fingers can have many different shapes and 
patterns and can be deposited on the LEDs layers in 
different ways. Therefore, the spirit and scope of the 
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WE CIiAXM: 

1. A scalable light emitting diode (LED) with enhanced 
current spreading structures, comprising: 
an LED core (13) having: 

an epitaxially grown p-type layer (16) ; 
an epitaxially grown n-type layer (15) ; and 
an epitaxially grown active layer (14) between 
said p-type and n-type layers (16,18); 
an first spreader layer (11) adjacent to said LED 
core ( 13) ; 

at least one groove (23) through said LED core (13), 
to said first spreader layer (11); 

a first contact (21) having at least one first 
conductive finger (22) on said first spreader layer (11) 
within said at least one groove (23) such that current 
flows from said first contact (21), into said at least 
one first conductive finger (22), into said first 
spreader layer (11), and into said LED core (13); 

a second contact (19) having at least one second 
conductive finger (20a, 20b) on said LED core (13) 
opposite said first spreader layer (11) such that current 
flows from said second contact (19) into said at least 
one second finger (20,20b) and into said LED core (13). 

2. The LED of claim 1, wherein said first spreader 
layer (11) is an n-type epitaxial layer. 

3 The LED of claim 1, wherein said n-type layer (15) 
is adjacent to said first spreader layer (11) . 
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4. The LED of claim 1, wherein said second contact (19) 
and said at least one second conductive finger (20a, 20b) 
are on said p-type layer. 

5. The LED of claim 1, wherein said at least one second 
conductive finger (20a, 20b) and said at least one first 
conductive finger (22) are generally parallel for a 
portion of their lengths. 

6. The LED of claim 1, wherein said at least one second 
conductive finger (20a, 20b) and said at least one first 
conductive finger (22) are approximately uniform distance 
from one another for a portion of their lengths, to 
provide nearly uniform current injection into said LED 
core (13) . 

7. The LED of claim 1, further comprising a substrate 
(12) adjacent to said first spreader layer (11), opposite 
said LED" core (13) . 

8. The LED of claim 7, wherein said substrate (12) is 
electrically conductive . 

9. The LED of claim 1, further comprising a second 
spreader layer (16) on said LED core (13) opposite said 
first spreader layer (11), said second contact (19) and 
said at least one conductive finger (20a, 20b) disposed on 
said second spreader layer (16) such that current applied 
to said contact (19) spreads to said at least one 
conductive finger (20a, 20b) and throughout said second 
spreader layer (16), and into said LED core (13). 
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10. The LED of claim 9, wherein said second spreader 
layer (16) is a transparent conductor. 

11. The LED of claim 9, including one said first 
conductive finger (22), wherein said second contact (19) 
and at least one conductive finger (20a, 20b) form a 
generally U-shaped conductive path, said first contact 

.5. — {.21J_and- S:aid-~fAr^st— -eonduct-ive— finger~-(-227— 

elongated conductive path within said U-shaped path. 

12. The LED of claim 9, including one said second 
conductive finger (27), wherein said first contact (44) 
and at least one conductive finger (45a, 45b) form a 

5 generally U-shaped conductive path, said second contact 
(46) and said second conductive finger (47) forming an 
elongated conductive path within said U-shaped path. 



13. The LED of claim 9, including a plurality of said 

first and second conductive fingers (76,75), said second 
contact (73) near one edge of said LED and said first 
contact (72) near the opposite edge, said second 
5 conductive fingers (75) forming a plurality of conductive 
paths from said second contact (73) toward said opposite 
edge, said first fingers (76) forming a plurality of 
conductive paths from said first contact (72) toward said 
second contact (73) interdigitated between said second 
10 fingers (75) . 

14. The LED of claim 9, wherein said second contact 
(111) is located near the center of said current 
spreading layer (112) and said second conductive fingers 
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(113,114) form conductive paths from said second contact 
(111) coward the edge of said LED, and said first, 
conductive fingers (117) form conductive paths from said 
first contact (115), toward said second contact (111) 
interdigitated between said second conductive fingers 
(113, 114) . 

15. The LED of claim 9, wherein said second contact (91) 
is located in the center of said current spreading layer 

(92) and further comprises two conductive branches (93) 
forming conductive paths in opposite respective 
directions from said contact (91) down a centerline of 
said LED, said second conductive fingers (94) forming 
conductive paths, generally orthogonal to said branches 

(93) , said first fingers (97) forming conductive paths 
from said first contact (95) and from the edge of said 
LED, toward said branches (93) interdigitated between 
said second fingers (97) . 

16. The LED of claim 9, including a plurality of said 
first and second conductive fingers (84,87), wherein said 
second fingers (84) form generally parallel zig-zag 
conductive paths from said second contact (81), and said 
first fingers (87) form generally parallel zig-zag 
conductive paths from said first contact (85) 
interdigitated between said second zig-zag fingers (84). 

17. A scalable light emitting diode (LED) using flip- 
chip mounting and having enhanced current spreading 
structures, comprising: 

an LED core (130) having: 

an epitaxially grown p-type layer; 
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an epitaxially grown n-type layer; and 

an epitaxially grown active layer between said 

p-type and n-type layers; 

an first spreader layer (126) adjacent to said LED 
core (130) ; 

at least one groove through said LED core, to said 
first spreader layer (126); 
_ .„an— frrst"--contact"-(T2^-y"havTng^ fi^sT" 
conductive finger (131) on said first spreader layer 
(126) within said at least one groove such that current 
flows from said first contact (129), into said at least 
one first conductive finger (131), into said first 
spreader layer (126) and into said LED core (130); 

a second spreader layer (124) adjacent to said LED 
core (130), opposite said first spreader (126); 

a conductive layer having two separate sections 
(127,128), a first section (127) of said conductive layer 
bonded to said second spreader; 

a submount (122) adjacent to said first section (127) 
of said conductive layer, opposite said second spreader 
(124), the second section (128) of said conductive layer 
also adjacent to said submount (122), said LED further 
comprising a conductive material (125) between said 
second section (128) and said contact (129), a bias 
applied to said first and second sections (127,128) of 
conductive layer causing said LED core (130) to emit 
light. 



18. The LED of claim 17, further comprising a substrate 
(123) adjacent to said first spreader layer (126), 
opposite said LED core (130) . 
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19. The LED of claim 18, wherein said substrate (123) is 
made of a transparent or semi-transparent and is the 
primary emitting surface for zhe light generated by said 
LED core (130) • 

20. The LED of claim 17^ wherein said second spreader 
(124) layer is made of a semi-transparent material and 
further comprises a reflector to reflect light from the 
LED core (130) toward said substrate (123) . 

21. The LED of claim 17, further comprising a bonding 
media (121) between said conductive layer's first section 
and said second spreader^ and wherein said conductive 
material (125) comprising a bonding media . 

22. A semiconductor LED with current spreading 
structures, comprising : 

two or more adjacent layers (11,14,15,16) doped 
with impurities; 

at least one groove (23) etched through one or 
more of said layers (11,14,15,16), exposing a surface on 
or within one of said layers (11,14,15,16); 

a first contact (21) having at least one first 
conductive finger (22) on said exposed surface within 
said at least one groove (23), such that current flows 
from said contact (21) into said at least one first 
finger (22), and into said layer (11,14,15,16) with said 
exposed surface; and 

a second contact (19) having at least one second 
conductive finger (20a, 20b) on the surface of said 
adjacent layers (11,14,15,16) such that current flows 
from said second contact (19), into said at least one 
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conductive second finger {20a, 20b) and into said adjacent 
layers (11,14,15,16). 

23. The semiconductor LED of claim 22, wherein said at 
least one second conductive finger (20a, 20b) and adjacent 
said at least one first conductive finger (22) are 
5 generally parallel for a portion of their lengths. 



24. The semiconductor LED of claim 22, wherein said at 
least one second conductive finger (20a, 20b) and adjacent 
said at least one first conductive finger (22) are 
approximately uniform distance from one another to 
provide nearly uniform current injection into said two or 
more adjacent layers doped with impurities. 

25. The semiconductor LED of claim 22, intluding one said 
first conductive finger (22), wherein said second contact 
and at least one conductive finger {20a, 20b) form a 
generally U-shaped conductive path, said first contact 
(21) and said first conductive finger (22) forming an 
elongated conductive path within said U-shaped path. 

26. The semiconductor LED of claim 22, including one 
said first conductive finger (47), wherein said first 

contact (44) and at least one conductive finger 
(45a, 45b)) form a generally U-shaped conductive path, 

said second contact (44) and said second conductive 

finger (47) forming an elongated conductive path within 

said U-shaped path. 
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27. The semiconductor LED of claim 22, including a 
plurality of said first and second conductive fingers 

(76,75), said second contact (73) near one edge of said 
adjacent layers (11,14,15,16) and said first contact (72) 
near the opposite edge, said second conductive fingers 

(75) forming a plurality of conductive paths from said 
second contact (73) toward said opposite edge, said first 
fingers (76) forming a plurality of conductive paths from 
said first contact (72) toward said second contact (73) 
interdigitated between said second fingers (75) . 

28. The semiconductor LED of claim 22, wherein said 
second contact (111) is located near the center of the 
surface of said adjacent layers (11,14,15,16) and said 
second conductive fingers (113,114) form conductive paths 
from said second contact (111) toward the edge of said 
surface of said adjacent layers (11,14,15,16), and said 
first conductive fingers (117) form conductive paths from 
said first contact (115), tpward said second contact 
(111) interdigitated between said second conductive 
fingers (113, 114) . 

29. The semiconductor LED of claim 22, wherein said 
second contact (91) is located in the center of the 
surface of said adjacent layers (11,14,15,16) and further 
comprises two conductive branches (94) forming conductive 
paths in opposite respective directions from said contact 
(91) down a centerline of said surface, said second 
conductive fingers (94) forming conductive paths 
generally orthogonal to said branches (93), said first 
fingers (97) forming conductive paths from said first 
contact (95) and from the edge of said surface, toward 
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said branches (93) interdigitated between said second 
. fingers (97) . 

30. The semiconductor LED of claim 22, including a 
plurality of said first and second conductive fingers 
(84,87), wherein said second fingers (84) form generally 
parallel zig-zag conductive paths from said second 
--contact— (81) r"and--sard-fri^nEingV£s'W 

parallel zig-zag conductive paths from said first contact 
(85) interdigitated between said second zig-zag fingers 
(84) . 

31. A scalable light emitting diode (LED) with enhanced 
current spreading structures, comprising: 

an epitaxially grown p-type layer (16); 

an epitaxially grown n-type layer (15)'/ 

an epitaxially grown active layer (14) between said 
p-type and n-type layers (15,16); 

a first contact (21) having at least one first 
conductive finger (22); 

at least one groove (23) etched through said p-type 
and active layers (16,14) to said n-type layer (15) such 
that said first contact (21) and at least one finger 
fingers (22) are on said n-type layer (15) in the etched 
areas; 

a second contact (19) and at least one second 
conductive finger (20a, 20b) on said p-type layer (16), 
wherein said at least one first and second conductive 
fingers (22, 20a, 20b) are generally parallel for at least 
a portion of their lengths. 
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FIG.12 
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